Copper is widely distributed in nature and forms a constituent of most foodstuffs. An average daily diet of an adult contains about 2 to 5 mg of copper, and a large part of this ingested copper is excreted in faeces, its excretion through urine being negligible. According to Cartwright (1950) an adult human body contains a total of ioo to 150 mg of copper, and a major proportion of it is in mammalian plasma and circulates as caeruloplasmin. Scheinberg (I966) believed that caeruloplasmin played a role in the maintenance of zero copper balance in the body.
There appears to be a close correlation between copper and cellular activity in all living beings. It is known that an important connexion between copper and pigment fornation exists (Underwood, I956) . As primary retinitis pigmentosa is apparently caused by a retinal pigmentary disturbance, a study of copper metabolism in patients suffering from this disease was undertaken. No report of such a study is available in the literature. In this paper the results of copper concentration in serum, caeruloplasmin concentration in plasma, and copper excretion in urine are reported and their possible interrelationship in the context of this disease is considered.
Material and methods
Fifteen patients with primary retinitis pigmentosa between the ages of io and 42 years were investigated. All of them belonged to middle class society eating a predominantly vegetarian mixed Indian diet. The diagnosis of all these cases was based on the positive results of the following parameters: HISTORY Each of these patients had a history of progressively increasing night blindness which had started early in the first decade. The night blindness did not respond to any conventional treatment and it was gradually followed by visual disturbances during the day. Some of the patients also had a positive family history.
FUNDUS PICTURE
A typical atrophic pale disc, attenuation of blood vessels, and pigment dispersal could be seen in all patients except two in whom there was only generalized mottling of the fundus (Table I) .
VISUAL ACUITY AND VISUAL FIELDS
Six patients had visual acuities ranging from 6/9 to 6/24 with or without correction while in nine the visual acuity was 6/6o or less. Perimetry showed moderate to marked generalized constriction of fields in most of them, but one patient showed a ring scotoma and in another fields were within normal limits. In others perimetry was not possible because of poor vision (Table I) . ELECTRO-OCULOGRAPHY Electro-oculography was performed according to the method of Gahlot and Hansen (I974), and each patient was found to have a very low ratio. In five electrooculograms were not possible as the patients could not see the fixation light during the dark phase (Table I) .
ELECTRORETINOGRAPHY
Electroretinographic responses, both scotopic and photopic, were recorded and it was found that in five cases these were subnormal, while in the remaining io they were flat (Table I) (Tables IV and V) .
Observations SERUM COPPER CONCENTRATION
The results showed that the concentration of total copper in the serum of normal subjects varied from 6o to I50 lugIOOml of serum, 97-7 ± 27-13 (n = io).
However, the copper concentration in patients with retinitis pigmentosa varied from 36 to Io8 j±g/Ioo ml of serum, 77-6 ± 22-89 (n = 15). This showed that the mean figure in these patients was not significant at 5 per cent level (P o-o8) although individually some of them had figures lower than normal.
PLASMA CAERULOPLASMIN CONCENTRATION (Tables II and III) The caeruloplasmin in optical density units in normal subjects ranged from O-I9 to 0-31 (mean 0-23) while that in patients ranged from O-15 to 0o03 (mean o-o8). Converting the average figures of optical density units in terms of caeruloplasmin concentration in mg (Ravin, 196I) gives 20 I2 mg/Ioo ml for normal subjects and 7 0 mg/Iooml for patients. This showed that the concentration of caeruloplasmin in the plasma of patients with retinitis pigmentosa was significantly lower (P< o-ooi). (Tables IV and V) The results show a striking and statistically significant increase in urinary excretion of copper in patients with retinitis pigmentosa compared with normal subjects (P< O OOI). Mean -x86xX g/24h; SD = 54-28; P <o-ooI highly significant group.bmj.com on April 10, 2017 -Published by http://bjo.bmj.com/ Downloaded from Caeruloplasmin is an alpha-globulin and accounts for most of the copper ions and oxidase activity of blood which in turn varies with the serum copper levels. The exact nature of physiological fun*ction of caeruloplasmin is not known except that, being a member of the copper enzyme system in the body, it is in some way related to the oxidative processes of the tissue, probably at the mitochondrial level.
COPPER EXCRETION IN URINE
No report is available in the literature in which the copper metabolic state in patients with primary retinitis pigmentosa has been studied and, therefore, no figures are available on their serum copper and caeruloplasmin concentrations or their copper urinary excretion. The observations in our study show that all the patients had either normal or low serum copper concentration although the average figure was not significantly lower than normal. This normal or near normal figure was associated with a highly statistically significant low copper oxidase activity--that is low caeruloplasmin concentration. Furthermore, in our series all the patients showed a very greatly increased excretion of copper in the urine.
The amount of copper excreted in normal human urine varies considerably but the different techniques used with the possibility of contamination with extraneous copper may contribute to the divergent results. Rabinowitch (1933) [Lg/24h (Porter, 1951; Mahoney, Bush, Gubler, Moretz, and Cartwright, 1955; Butler and Newman, I956). The output is considerably higher if there is concomitant proteinuria (Uzman and Denny Brown, 1948) . Chatterjee and Ganguly (1950) observed that an Indian excreted less copper in urine than a European probably because of differences in diet.
An absolute magnitude of urinary copper excretion is of special interest since increased urinary excretion of copper is seen only in hepatolenticular degeneration (Mondelbrote, Stainer, Thompson, and Thruston, I968; Porter, I949; Cumings, 195I) and nephrotic syndrome with albuminuria (Cartwright and Gubler, 1954 with proteinuria could be accounted for by an abnormal leak through the glomeruli of the copper protein found in the plasma. This cannot account for the small amount of excreted copper found in normal subjects nor for the greatly increased excretion in hepatolenticular degeneration. In retinitis pigmentosa this is still more difficult to explain because our preliminary investigations showed that there was no gross deficit in the kidney functions in patients nor was there any significant proteinuria.
Thus our series of patients of primary retinitis pigmentosa show a triad of interesting findings:
Normal or near normal serum copper concentration, Significantly low caeruloplasmin concentration, High urinary copper excretion. These findings are important because they have so far not been reported and this combination of findings is a feature of chronic copper toxicity as seen in hepatolenticular degeneration. Liver biopsy studies conducted in some cases of retinitis pigmentosa have also shown a few mild non-specific changes indicating that in primary retinitis pigmentosa copper metabolism may also be abnormal.
An attempt was made at producing a condition similar to retinitis pigmentosa in monkeys and rabbits by injecting them with a copper sulphate solution, and details will be published later. The condition histologically appears to simulate some feature reported for sodium iodate and iodacetate indicating that copper may be acting in the same manner as these toxic substances. Copper is a strong inhibitor of the sulphhydryl group which is an essential cofactor in the metabolic pathways of glycolysis and necessary for the regeneration of visual purple.
The clinical importance of such an hypothesis is obvious. If it is true, the use of a chelating agentsuch as penicillamine-may gradually improve the condition. On this assumption one of us (DKG) actually began treatment on two patients in this series although the follow-up of a few months is too short to judge the response. It thus appears that retinitis pigmentosa may not be an abiotrophy but a condition of chronic copper toxicity due to an inborn error of copper metabolism.
Summary
Clinically and electrophysiologically confirmed cases of primary retinitis pigmentosa have been investigated regarding their copper metabolic state. It is observed that these patients show a normal or near normal serum copper concentration, very low plasma caeruloplasmin concentration, and a very high copper urinary excretion. A similarity between this condition and hepatolenticular degeneration thalmic Sciences, for providing the facilities. We are is drawn and it is suggested that retinitis pigmentosa also indebted to Dr N. N. Sood for his valuable may also be a condition caused by an inborn error comments. Our thanks are also due to Professor 0. P. of copper metabolism. 
pigmentosa.
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